µg/mL) while the hexane was the least (IC 50 = 736 µg/mL). The IC 50 for the stem hexane extract was not determined ( Table 1) . The polyisoprenylated benzophenone, clusianone, inhibited proteolysis (46%) induced by B. jararaca venom, but the IC 50 could not be determined, even at the highest product concentration (1240 µg/mL). This was surprising since clusianone is one of the major (>30%) components of the hexane extract of the flowers of C. fluminensis [14] [15] [16] , but was not as active as the crude extract (IC 50 = 200 µg/mL). On the other hand, lanosterol (720 µg/mL) did not inhibit proteolysis induced by B. jararaca venom. The acetone or methanol extracts of stem and fruit had the highest potency. Proteolytic and clotting activities of venoms are due to serine or metalloproteases and, according to Martins et al., [17] polyisoprenylated benzophenones inhibit serine proteases. These compounds are the main metabolites found in the fruit of Clusia and may cause the inhibitory activity of C. fluminensis. Furthermore, the high content of flavonoids in the extracts of fruit of C. fluminensis [18] may inhibit platelet aggregation, clotting and inflammation by interaction with phospholipase A 2 enzymes or scavenging of reactive oxygen species [19] [20] . In the study performed by Castro et al. [11] , the ethyl acetate leaf extracts of Clusia torresii and Clusia palmana inhibited hemorrhagic activity induced by the venom of Bothrops asper as did vitexin and epicatechin. It is postulated that this inhibition is due to chelating divalent metals (zinc or calcium) that are required for the catalytic activity of metalloproteases or phospholipases A 2 . Hemorrhage was also inhibited by the aqueous extracts of Casearia sylvestris [21] .
None of the extracts of C. fluminensis (500 µg/mL) exerted procoagulant activity, but some inhibited plasma clotting induced Figure 2 ). When extracts were incubated with venom at 1:10 venom:plant ratio (w/w) for 30 min., only the hexane flower extract (column 6) and the acetone (column 9) or methanol (column 12) stem extracts prevented clotting induced by venom. When all extracts were incubated with venom for 60 min. at a 1:20 ratio, the inhibitory percentage did not change ( Figure 2 ). Apparently the inhibitory action of extracts is not directly related to incubation time or extract concentration. Clusianone (500 µg/mL) or lanosterol (800 µg/mL) did not inhibit B. jararaca clotting-induced (not shown).
B. jararaca venom induced hemolysis in a concentration-dependent manner with a Minimum Indirect Hemolytic Concentration (MIHC) of 30µg/mL. The extracts of C. fluminensis were incubated with that concentration of B. jararaca venom at 1:10 or 1:20 venom:plant ratio (w/w) for 30 or 60 min. and the hemolytic test performed. As seen in Figure 3A , the extracts at 300 µg/mL (white columns) inhibited hemolysis less than 40% while at 600 µg/mL (hatch columns), the hexane (column 1) or methanol (column 8) extracts of leaf and the acetone (column 7) or methanol (column 10) extracts of stem inhibited hemolysis from 60% to 100%. Curiously, when C. fluminensis extracts (600µg/mL) were incubated with venom for 60 min. (black columns), the inhibition percentage doubled (80%) only for the hexane extract of stem ( Figure 3A , column 3). At concentrations of 300 or 600µg/mL, lanosterol inhibited hemolysis by 45% and 65%, respectively; but at the same concentrations clusianone was inactive ( Figure 3B ). Hemolytic activity of snake venoms is associated with a group of enzymes, called phospholipases A 2 (PLA 2 ). They are the most abundant toxins in venoms, and, besides hemolysis, induce a wide range of pharmacological effects, such as hypotension, neurotoxicity, effects on platelet aggregation and myotoxicity [22] . A number of PLA 2 inhibitors from natural [23] [24] or synthetic sources [25] have been described, but their mechanism of action is still unclear. Some authors attribute their inhibitory action to the modulation of the catalytic activity and/or by their ability to chelate Ca 2+ , an essential divalent metal [24] .
B. jararaca (100µg/g) produced an 18mm hemorrhagic halo in mice that corresponds to a two-fold Minimum Hemorrhagic Dose (MHD) (Figure 4 , column 1). When B. jararaca venom was incubated with the extracts of C. fluminensis (200 µg/g), the hexane (column 4) and acetone extracts of fruit (column 8) inhibited hemorrhage by 50% and 100%, respectively. When these two extracts were injected 15 min. after the B. jararaca venom, an inhibition of 10% was achieved. However, when such extracts were injected 5 or 10 min. after the venom, hemorrhage was not inhibited (not shown). The other parts of C. fluminensis (Figure 4 ) as well as clusianone or lanosterol did not protect mice from B. jararaca-induced hemorrhage (not shown). The extracts and solvents (DMSO or saline) did not produce hemorrhage.
Hemorrhagic activity of venoms contributes to local and systemic effects that cause morbidity, amputations and mortality. Inhibition of such effects is a valuable tool to reduce local manifestation, diffusion and thereby to extend the survival time of a victim. Therefore, the development of therapeutic agents or strategies to neutralize toxins constitutes an important progress to treat envenomation by snakes. Clusianone and lanosterol did not prevent B. jararaca induced-hemorrhage, but it was observed for the crude extracts suggesting the inhibitory effect was due to other substances in the extracts. Castro et al. [11] postulated that flavonoids were responsible for the antihemorrhagic effect of C. palmana or C. torresii, and several flavonoids have been isolated from Clusia criuva and Clusia columnaris [26] [27] . When B. jararaca venom was injected i.p. into mice, all died in two hours, but only the acetone and methanol stem extracts protected them from death. When these extracts were injected i.p. 15 min. after the B. jararaca venom both extracts again exhibited an antilethality effect. However, all treated mice died after 15 hours compared to 2 hours for mice that received only B. jararaca venom. Since both solvents have similar polarities, the antilethality of such extracts may also be attributed to flavonoids. Most of extracts inhibited all activities tested, especially the acetone and methanol stem and fruit extracts that are enriched in flavonoids [28] .
As seen in Table 2 , at least two activities induced by B. jararaca venom were inhibited by any part of C. fluminensis. Regardless the part of the plant, C. fluminensis could be useful to inhibit in vitro or in vivo activities of B. jararaca venom. Also, C. fluminensis would complement or enhance the potency of antivenoms, since the plant inhibited some activities that are related to local effects on the envenomation which are not inhibited by antivenom. This lack of neutralizing ability of antivenoms, frequently leads to amputation or disabilities that contribute to morbidity. Until now, no compound from plants or other natural source has been turned into a drug to treat symptoms of snake bites. Based on our results, C. fluminensis is a good candidate for such purposes but additional experiments should be done to evaluate protocols of oral pre-and post treatment that mimic a real envenoming case. 
Parts of plant Solvents Proteolytic Hemolytic Clotting Hemorrhagic Lethality Leaf
Hexane
Each part of C. fluminensis, clusianone and lanosterol were incubated with B. jararaca venom and biological activities (proteolysis, hemolytic, clotting, hemorrhagic and lethality) were performed, as described in methods. The symbols: ++, means inhibition above 50%; +, inhibition below 50% and --, no inhibition. Table 3 . A previous selection of the botanical material was made to rule out possible contaminants. Fertile branches were collected for taxonomic identification. A Voucher specimen was deposited at the Herbarium of the State University of Rio de Janeiro, under the registration number RFFP 9213, and authenticated by Prof. Dr. Marcelo Guerra (FFP/UERJ). The plant extracts, clusianone and lanosterol were supplied by the Laboratory 
Isolation of the clusianone:
The polyisoprenylated benzophenone clusianone was isolated from the hexane extract of flowers of C. fluminensis by countercurrent chromatography using the solvent system n-hexane-acetonitrile-methanol (2:1.25:0.5, v/v/v) and identified by 13 C and 1 H NMR spectra with 1D and 2D homo-and hetero-nuclear direct and long-range correlations [29] .
Isolation of the lanosterol:
The hexane extract of fruits of C. fluminensis (1.0 g) was chromatographed on a silica gel column eluted with solutions of n-hexane and ethyl acetate in increasing degree of polarity, resulting in 129 fractions which were analyzed by thin layer chromatography and grouped into 17 fractions. Fraction 17-21 purified by recrystallization with n-hexane and acetone, followed by chromatography on a silica gel column eluted with solutions of n-hexane and ethyl acetate, resulting in white crystals (107.4 mg). Lanosterol was identified by 13 C and 1 H NMR comparison with the literature [30] .
Venom and animals:
Lyophilized B. jararaca venom was supplied from Fundação Ezequiel Dias (FUNED), Belo Horizonte, Minas Gerais, Brazil. Venom was diluted in physiological saline (1 mg/mL) and stored at -20 o C until used. Male Swiss Wistar mice (18-20 g) were obtained from the Center of Laboratory Animals (NAL) of the Federal Fluminense University (UFF) and housed under controlled conditions of temperature (24 ± 1°C) and light. All animal experiments were approved by the UFF Institutional Committee for Ethics in Animal Experimentation (protocol number 00029) that were in accordance with the guidelines of the Brazilian Committee for Animal Experimentation (COBEA).
Proteolytic activity:
Proteolytic activity of B. jararaca venom was determined according to [31] Aliquots of B. jararaca venom (5-50 μg/mL) were incubated with 0.4 mL azocasein at 37°C for 90 min in a total volume of 1.2 mL. The enzymatic reaction was stopped by adding trichloracetic acid (5 %, v/v, final concentration). The tubes were centrifuged at 15,000 x g for 3 min. Then, the supernatant was removed, mixed with 2N NaOH, and the tubes were read at absorbance 420 nm. An Effective Concentration (EC) was defined as the amount of venom (μg/mL) able to produce a variation of 0.2 units at absorbance 420 nm. One EC of B. jararaca venom (24 μg/mL) was incubated for 30 min. at room temperature with different concentrations of C. fluminensis or clusianone to obtain four different ratios (w/w) venom:plant, 1:5; 1:10; 1:20 and 1:50, and with lanosterol in two different ratios, 1:10 and 1:20. Then, proteolytic activity was determined accordingly. Positive control experiments were performed by incubating B. jararaca venom with saline or solvents; and negative ones by mixing substances or solvents in the absence of venom.
Hemolytic activity: Hemolysis of B. jararaca venom was determined by the indirect hemolytic test using human erythrocytes and hen's egg yolk emulsion as substrate [32] . One Minimum Indirect Hemolytic Concentration (MIHC) was defined as the amount of B. jararaca venom (μg/mL) able to produce 100% hemolysis. In order to verify the inhibitory action of C. fluminensis, one MIHC (30 µg/mL) was incubated for 30 min. at room temperature with extracts of C. fluminensis, clusianone or lanosterol at 1:10 and 1:20 venom:plant ratios (w/w), and the hemolytic assay performed. When indicated, extracts were incubated with venom for 60 min. as well. Positive control experiments were performed by incubating B. jararaca venom with saline or solvents negative ones were performed in parallel by mixing extracts or solvents in the absence of venom.
Clotting activity:
A pool of citrated normal human plasma (diluted with equal volume of saline) was obtained from the local blood bank from Antônio Pedro Research University Hospital of UFF, and mixed with B. jararaca venom (2.5-70 µg/mL).Clotting time was assessed using a digital coagulometer (Amelung model KC4A, Labcon, Germany, and the concentration of venom (µg/mL) that clotted plasma in 60 seconds was designated as the Minimum Coagulant Dose (MCD). In order to evaluate the inhibitory effect, the extracts of C. fluminensis, lanosterol or clusianone were incubated for 30 min. at room temperature with one MCD of venom (25 µg/mL), and then the mixture was added to plasma and clotting time was recorded. When indicated, extracts were incubated with venom for 60 min. Negative control experiments were performed in parallel by mixing substances or solvents with plasma in the absence of venom; for positive controls, B. jararaca venom was mixed with saline or solvents.
Hemorrhagic activity: Hemorrhagic lesions produced by B. jararaca venom were quantified using a reported procedure [33] , with minor modifications. Briefly, samples (100 µL) were injected intradermally (i.d.) into the abdominal skin of mice. Two hours later the mice were euthanized and the skin removed, stretched and inspected for visual changes to localize hemorrhagic spots. Hemorrhage was quantified as the Minimum Hemorrhagic Dose (MHD), defined as the amount of venom (µg/g) able to produce a hemorrhagic halo of 10 mm. In order to evaluate the inhibitory effect, C. fluminensis, clusianone or lanosterol were incubated with two MHD of venom for 30 min. at room temperature and the mixture injected into animals and the hemorrhagic activity evaluated as described. In another protocol hexane or acetone extracts of the fruit of C. fluminensis were injected i.d. 5, 10 or 15 min. after B. jararaca venom at the same site where venom had been administered. Hemorrhage was expressed as the mean diameter (in millimeter) of the hemorrhagic halo induced by venom in the absence and presence of extracts. Negative control experiments were performed in parallel by injecting plant, products or solvents, instead of venom.
Lethality: Groups of six mice received (100 µL) intraperitoneally (i.p.) B. jararaca venom (60 µg/g) and observed for 48 hr. The antilethality assay was performed by incubating B. jararaca with C. fluminensis (600 µg/g) for 30 min. at room temperature and the mixture injected i.p. into mice. B. jararaca venom was also injected i.p into mice, and 15 min. later, the methanol or acetone extracts of stem were injected i.p. Positive control mice groups received B. jararaca mixed with saline or solvents, and negative ones received substances (plant or solvent), instead of venom.
Statistical analysis:
Results are presented as means ± S.E.M. The statistical significance of differences between tests was evaluated by using Student's unpaired t-test. P values of < 0.05 were considered statistically significant.
